Abstract: Symptoms of inattention and hyperactivity frequently co-occur with language difficulties in both clinical and community samples. We explore the specificity and strength of these associations in a heterogeneous sample of 254 children aged 5 to 15 years identified by education and health professionals as having problems with attention, learning and/or memory. Parents/carers rated pragmatic and structural communication skills and behaviour, and children completed standardised assessments of reading, spelling, vocabulary, and phonological awareness. A single dimension of behavioural difficulties including both hyperactivity and inattention captured behaviour problems. This was strongly and negatively associated with pragmatic communication skills. There was less evidence for a relationship between behaviour and language structure: behaviour ratings were more weakly associated with the use of structural language in communication, and there were no links with direct measures of literacy. These behaviour problems and pragmatic communication difficulties co-occur in this sample, but impairments in the more formal use of language that impact on literacy and structural communication skills are tied less strongly to behavioural difficulties. One interpretation is that impairments in executive function give rise to both behavioural and social communication problems, and additional or alternative deficits in other cognitive abilities impact on the development of structural language skills.
Introduction
Symptoms of inattention and hyperactivity typically co-occur with poor communication skills [1, 2] and low levels of literacy [3] [4] [5] in children with attention deficit hyperactivity disorder (ADHD). The same comorbidities are also found in the general school population [6, 7] and in other neurodevelopmental conditions including autism spectrum disorder (ASD) [8] , specific language impairment (SLI) [9] , and dyslexia [10, 11] . These overlapping symptom profiles may reflect dimensions of inattentive and hyperactive behaviour and cognitive difficulties that cut across traditional diagnostic categories [12] [13] [14] . In the current study we adopt a dimensional approach to test the specificity of the associations between these dimensions of behaviour, communication and literacy skills in a large sample of children receiving support from specialist services for difficulties in attention, learning and/or memory. The sample included a small number of children with diagnosed developmental disorders and a substantial number with sub-clinical difficulties. The atypical and heterogeneous nature of the sample enabled us to investigate the extent to which impairments in language and behaviour co-occurred in children with problems related to educational progress.
Difficulties in both the formal learning of language structure and the use of language in different contexts are common in developmental disorders [1, [15] [16] [17] . Structural aspects of language include the use of phonology, semantics, syntax and morphology. These skills are important for literacy relationship between these dimensions of impairment across diagnostic categories in a unique sample of struggling learners. The children had difficulties in attention, learning, or memory, and were receiving support from professionals working in children's services, including speech and language therapists, educational psychologists, school-based special educational needs co-ordinators, mental health practitioners, and paediatricians. Approximately one third had received formal diagnoses (e.g., of ADHD, ASD, or dyslexia) and the remainder had sub-clinical difficulties of varying severity. Based on previous findings of an association between behavioural problems and pragmatic language difficulties we expected behaviour problems to be more highly linked with pragmatic than structural language skills overall, with additional specific associations between behavioural inattention and assessments of structural language skills in literacy.
Assessments included standardised tests of reading, spelling, phonological awareness and vocabulary, as well as parent ratings of children's behaviour and pragmatic and structural communication skills. Because of the atypicality of this sample, a data driven approach was used to examine the relationships between behaviour and language skills. We sought to identify whether separate dimensions of inattentive and hyperactive behaviour problems were present in the sample, and the extent to which these behaviours were related to poor structural and pragmatic language skills.
Method

Participants
Participants were recruited from an ongoing study at the Cambridge Centre for Attention, Learning, and Memory (CALM) based in the MRC Cognition and Brain Sciences Unit in Cambridge, UK. Children were referred to the CALM research clinic for problems in one or more areas of attention, learning, and memory. The current sample consisted of the first 254 children seen in the clinic for whom there were complete data. The age range of the sample was 5:5-15:11 (M = 9:4, SD = 2:3), with 169 males and 85 females. No diagnosis was reported for the majority of the sample (n = 191). Twenty children had a diagnosis of ADHD, and a further 59 children had been identified with other developmental learning disorders (e.g., dyslexia, dyscalculia, autism spectrum disorders) or psychiatric diagnoses (see Table 1 ). Exclusion criteria for referrals to the clinic were: (i) significant and severe known problems in vision or hearing that are uncorrected; and (ii) a native language other than English. Ethical approval was provided by the Local NHS Research Ethics Committee, reference 13/EE/0157. Written informed consent was obtained from parents/guardians, and informed verbal assent was obtained from children.
Procedure
Children completed a battery of tests on a one-to-one basis with a researcher in a dedicated child-friendly testing room at the CALM clinic. These included a wide range of standardised assessments of learning and cognition. Regular breaks were included throughout the session. Testing was split over two sessions for children who struggled to complete the assessments in one sitting. Parents/carers completed a set of questionnaires relating to behaviour, learning, communication, and medical and family history in a family waiting area while their child was assessed. Measures of behaviour, communication skills, and literacy are reported here.
Measures
Behaviour Parent ratings of behaviour The Conners 3 Parent Short Form [54] is a questionnaire assessing behavioural and cognitive problems related to ADHD. Parents or caregivers rated 45 items as not true at all (0); just a little true (1); pretty much true (2); or very much true (4) . Scores on these items formed six subscales consisting of Inattention, Hyperactivity, Learning Problems, Executive Function, Aggression, and Peer Relations. The sum of raw scores on each subscale was converted to a T-score (M = 50, SD = 10) for a normative sample 6:00-18:00 years of age. If children's age fell outside the standardisation range the closest age match was used. T-scores ≥70 on an individual subscale indicate the child has very elevated behavioural problems for their age. T-scores 60-69 are within the elevated range, scores 40-59 are in the average range, and scores ≤39 indicate a child has fewer reported problems than average for their age. Children read a list of words aloud that were scored by the examiner. Responses were coded as correct if they were pronounced correctly and fluently. Standard scores (M = 100, SD = 15) were derived from the raw scores, with a normative sample age range of 4:00-16:11.
Spelling
The Spelling sub-test on the WIAT-II provided a measure of spelling attainment. Children were asked to spell words spoken one at a time by the examiner. Raw scores were converted to standard scores (M = 100, SD = 15) with a normative sample 4:00-16:11 years of age.
Vocabulary
The Peabody Picture Vocabulary Test, Fourth Edition (PPVT-4) [56] assessed receptive vocabulary knowledge. Children were required to select one of four pictures showing the meaning of a spoken word. Standard scores were calculated (M = 100, SD = 15), and the normative sample had an age range of 2:6-90:00.
Phonological awareness
The Alliteration subtest of the Phonological Assessment Battery (PhAB) [57] tested phonological awareness. Sets of three spoken words were read aloud and children were required to judge which two words started with the same sound. The number of correct responses formed raw scores, which were converted to standardised scores (M = 100, SD = 15). Children who were too young or unable to complete the Alliteration subtest were given the Alliteration Test with Pictures subtest. In this version children saw pictures corresponding to words named aloud by the researcher. Children had to indicate which two pictures corresponded to words starting with the same sound. Raw scores on the Alliteration Test with Pictures were converted to standardised scores (M = 100, SD = 15). If a child's age fell outside the standardisation range (6:00-14:11) the closest age match was used to obtain a standardised score.
Communication
The Children's Communication Checklist, second edition (CCC-2) [58] was used to measure communication skills. This 70-item questionnaire assessed language structure and form, and verbal and nonverbal pragmatic communication. Scaled scores (M = 10, SD = 3) were derived for 10 subscales that fell into three categories measuring different aspects of language use. The first four scales were (A) Speech; (B) Syntax; (C) Semantics; and (D) Coherence. These assessed language structure, vocabulary use, and discourse, and are areas of communication typically impaired in children with SLI. The next four scales were (E) Inappropriate Initiation; (F) Stereotyped Language; (G) Use of Context; and (H) Nonverbal Communication. These indexed verbal and nonverbal pragmatic communication skills. The final two scales, (I) Social relations; and (J) Interests, assessed aspects of language behaviour that are usually impaired in ASD. Clinically significant communication impairments on the CCC-2 are interpreted using percentiles rather than scaled scores. Scores below the 15th percentile, corresponding approximately to a scaled score of 6, are considered below normal limits (see [58] for further details). For the present purposes, scaled scores ≤6 are considered as corresponding to deficits. The normative sample had an age range of 4:0-16:11.
Results
Analysis Plan
To characterise our sample we first compared performance on each measure to the age-normed population mean, calculated the proportion of children in the deficit range on each measure, and checked for gender differences in performance. The following Bonferroni corrected significance thresholds were used to correct for multiple comparisons: behaviour, p < 0.008; communication, p < 0.005; literacy, p < 0.0125.
To assess the specificity and strength of links between ADHD behaviours and language skills we first conducted correlation analyses between each measure individual measure. Next, we used exploratory factor analysis (EFA) to reduce the dimensionality of the data and identify the underlying constructs of language and behaviour. One EFA was conducted for the behaviour measure. The language measures were entered into two separate EFAs, one for the parent/carer ratings of communication and another for the direct assessments of literacy. Principal axis factoring with direct Oblimin rotation was used to allow factors to be correlated. Factors were chosen based on an eigenvalue cut-off of 1 and examination of the scree plots.
Resulting factor scores were correlated to explore the associations between different dimensions of impairment. Partial correlations were also computed that controlled for age. The relative strength of the associations between each pair of factors was tested using Meng's Z test, which is used to compare correlation coefficients [59] . For all analyses involving the communication data, scores were excluded for children whose CCC-2 ratings were identified as invalid due to disproportionately negative or positive responses [58] .
Descriptive Statistics
Descriptive statistics are presented in Table 2 . Relative to standardised age-norms, the sample had significantly poorer language and communication skills, and significantly elevated behavioural problems across all of the measures. Comparison of standard scores indicated that children had substantially more behaviour problems, poorer spoken communication and poorer reading, spelling, and phonological skills. This is to be expected given how the sample was recruited. Independent t-tests comparing scores for males and females on each measure indicated gender differences only on the literacy measures of vocabulary and phonological skills, in which males scored higher. No gender differences were present across the behaviour and communication measures, or in the literacy measures of reading and spelling.
Correlational Analyses
Correlations between the behaviour and communication measures are presented in Table 3 . The majority of the behaviour measures showed a significant negative correlation with the communication measures, indicating that children with poorer behaviour had weaker communication skills. Correlations between Inattention and Speech, and between Executive Function, Speech and Syntax, were not significant. Table 4 shows the correlations between behaviour and the literacy measures. Literacy skills were negatively associated with ratings of Learning Problems, showing that children rated as poorer learners had lower scores on the direct measures of literacy skills. There were no other significant relationships between behavioural difficulties and literacy.
The correlations between the literacy and communication measures are presented in Table 5 . Reading, spelling, and vocabulary were positively correlated with the majority of the communication measures, indicating that children rated as having better communication skills performed better on these direct assessments of literacy. Phonological awareness was positively correlated only with the parent-rated structural communication scales of speech, syntax, and semantics. Note. † The effect size of the difference between the normative sample mean and the current sample mean. The deficit range on each measure was scores falling more than 1 SD below the normative sample mean. ** denotes significance at the 0.01 level, two-tailed. Tables 6-8 show the component matrices for parent ratings of behaviour and communication, and the literacy measures respectively. In all factor analyses, eigenvalues below 0.40 were suppressed. A one-factor solution emerged for the behaviour ratings, which explained 37.94% of the variance. The Inattention and Hyperactivity subscales loaded most highly on this factor, with moderate loadings of Executive Function, Aggression and Peer Relations. The Learning Problems subscale was excluded as it did not have a sufficiently high loading.
Exploratory Factor Analyses
A two-factor solution emerged for the communication scale. The six subscales measuring pragmatic and social communication loaded on Factor 1, which accounted for 59.71% of the variance. Three of the four subscales tapping structural communication skills loaded on Factor 2, explaining 9.03% of the variance. Factor 1 was therefore linked with pragmatic and social aspects of communication, and Factor 2 with structural communication skills. The Coherence variable loaded on both factors (Factor 1= 0.553; Factor 2 = 0.423), reflecting its sensitivity to both pragmatic and structural communication problems [16, 58] .
For the direct measures of literacy, a one-factor solution emerged that explained 48.56% of the variance. Reading and Spelling loaded most highly on this factor, with moderate loadings from Vocabulary and Phonological Alliteration.
Correlations between Factor Scores
The behaviour factor was strongly negatively associated with both the pragmatic (r = −0.617, p < 0.001) and structural (r = −0.322, p < 0.001) communication factors, indicating that children with more behavioural problems had poorer communication skills (see Table 9 and Figure 1) . The relationship between behaviour problems and pragmatic communication skills was significantly stronger than the association between behaviour and structural communication skills (Meng's Z = −6.255, p < 0.001). In line with this, there was no relationship between the behaviour factor and direct measures of language structure as captured by the literacy factor (r = −0.097, p > 0.14). 
The behaviour factor was strongly negatively associated with both the pragmatic (r = −0.617, p < 0.001) and structural (r = −0.322, p < 0.001) communication factors, indicating that children with more behavioural problems had poorer communication skills (see Table 9 and Figure 1) . The relationship between behaviour problems and pragmatic communication skills was significantly stronger than the association between behaviour and structural communication skills (Meng's Z = −6.255, p < 0.001). In line with this, there was no relationship between the behaviour factor and direct measures of language structure as captured by the literacy factor (r = −0.097, p > 0.14). Table 9 . Correlations between factor scores. Literacy was significantly related to both structural (r = 0.455, p < 0.001) and pragmatic (r = 0.152, p < 0.05) communication factors, indicating that children with better performance on the direct measures of structural language had better parent-reported communication skills. The association between literacy and structural communication skills was significantly stronger than the association between literacy and pragmatics (Meng's Z = −5.747, p < 0.001), indicating that the direct assessments of literacy shared more variance with the parent ratings of structural language in communication (see Figure 2 ). These patterns of association were unaffected by controlling for age. Literacy was significantly related to both structural (r = 0.455, p < 0.001) and pragmatic (r = 0.152, p < 0.05) communication factors, indicating that children with better performance on the direct measures of structural language had better parent-reported communication skills. The association between literacy and structural communication skills was significantly stronger than the association between literacy and pragmatics (Meng's Z = −5.747, p < 0.001), indicating that the direct assessments of literacy shared more variance with the parent ratings of structural language in communication (see Figure 2) . These patterns of association were unaffected by controlling for age. 
Discussion
This study explored associations between the behavioural symptoms of ADHD and pragmatic and structural language abilities in a heterogeneous sample of children receiving support for problems in attention, learning, or memory. A bottom-up data driven approach identified dimensions of behaviour and language characterising the sample. This yielded a single dimension of behavioural problems that included inattention, hyperactivity and other behaviour problems commonly associated with ADHD. Although symptoms of inattention and hyperactivity can be diagnostically separate [60] , it was not possible to differentiate them in the current sample. Three related dimensions of language emerged. One captured pragmatic communication skills and two encompassed children's use of language structure. These were structural communication and literacy. Behaviour problems were strongly associated with pragmatic aspects of language, but less so with structural communication skills and not at all with literacy.
These differences in the relationship between the pragmatic and structural aspects of language function and behaviour are consistent with the idea that language impairments may have different sources [22, 25] . Co-occurring behaviour difficulties and pragmatic communication problems may be underpinned by a common deficit in executive functioning. Pragmatic skills such as taking turns in conversation and not talking excessively, and the ability to control hyperactive/impulsive behaviours may both rely on hot executive skills like self-regulation and inhibition [2, 37] . Likewise, features of social interaction such as monitoring and maintaining appropriate topics of conversation, and planning coherent speech, may draw on the same cool executive functions needed to maintain focussed attention (e.g., working memory) [61] . Consistent with this interpretation, executive function problems were present in the behaviour ratings in our sample. An alternative explanation is that there is a direct link between poor behaviour and weak pragmatic skills. By this account, difficult behaviour might directly limit opportunities for social interaction at home or school, impairing the development of social language skills [24, 38] . Our sample had problems with peer relationships, signalling that they may indeed have had fewer opportunities to practice or develop pragmatic language skills.
Impairments in language structure may arise from different or additional sources to pragmatic and behavioural problems. Consistent with this, there was a weaker association between structural communication and behaviour than between pragmatics and behaviour. Moreover, literacy was unrelated to behaviour. This was unexpected given previous evidence linking ADHD symptoms, and in particular inattentive behaviour, with language and reading abilities [41, 49] . One possibility is that the cognitive deficits limiting the acquisition and development of linguistic knowledge and skills are 
Impairments in language structure may arise from different or additional sources to pragmatic and behavioural problems. Consistent with this, there was a weaker association between structural communication and behaviour than between pragmatics and behaviour. Moreover, literacy was unrelated to behaviour. This was unexpected given previous evidence linking ADHD symptoms, and in particular inattentive behaviour, with language and reading abilities [41, 49] . One possibility is that the cognitive deficits limiting the acquisition and development of linguistic knowledge and skills are different to the executive function problems that are affecting behavioural control and social communication in our sample. These additional or alternative deficits might include problems with phonological processing. Supporting this idea, in the current study children's phonological awareness and abilities in reading and spelling were strongly associated, but there was no link between their behavioural attention problems and phonological skills. Phonological processing skills are important for literacy development [14] and difficulties with phonological processing influence the acquisition of letter-sound correspondences that are important for learning to read [27, 40] . Phonological processing impairments are commonly observed in children with SLI who have structural language impairments [12] . However, children with elevated symptoms of ADHD or pragmatic language difficulties tend to have intact phonological processing skills unless they have co-morbid problems with language structure [62, 63] , suggesting phonological deficits may be more closely associated with broader structural language problems than pragmatic difficulties.
There were stronger links between the parent-reported measures of language and behaviour than between parent-rated behaviour and the direct tests of literacy. This raises the possibility that the associations between parent-rated communication and behaviour simply reflect common variance in subjective reports from parents/carers of children who are receiving support from professional services. Although we cannot rule out this possibility, several features of the data suggest the parent ratings provided meaningful measurements of children's behaviour and language skills. Firstly, the parent ratings of communicative language were related to the standardised literacy assessments, with a stronger relationship between parent-rated structural communication and direct literacy measures than between pragmatic communication and literacy. Second, these parent-rated communication scores similarly showed different strengths of association with parents' behaviour ratings. Finally, parents' views of their children's learning abilities, as measured by a subscale of the behaviour checklist, correlated with the direct measures of literacy despite there being no other relationships between these measures and other scales on the behaviour checklist. Taken together, the specificity of these links speaks against a common variance in the parent measures underpinning the results.
Conclusions
In summary, the phenotype of these children with problems in attention, learning or memory was characterised by a broad dimension of inattentive and hyperactive behaviour that was strongly associated with pragmatic language difficulties, and more weakly associated with difficulties in the use of language structure. The comorbidities between behavioural symptoms and pragmatic language problems may reflect a cluster of developmental problems underpinned by deficits in executive function difficulties [2] , while problems with language structure may arise through difficulties in phonological processing. From a practical perspective, these findings suggest that different profiles of language impairment may require different intervention approaches. Pragmatic communication problems may benefit from behavioural interventions, such as psychosocial therapy or executive function-based interventions [64, 65] . Approaches targeting other cognitive difficulties, such as phonological weaknesses [66] might be more beneficial than behavioural interventions for problems in language structure.
